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Abstract
We report the preparation of the interface between graphene and the strong Rashba-split BiAg2
surface alloy and investigatigation of its structure as well as the electronic properties by means
of scanning tunneling microscopy/spectroscopy and density functional theory calculations. Upon
evaluation of the quasiparticle interference patterns the unpertrubated linear dispersion for the pi
band of n-doped graphene is observed. Our results also reveal the intact nature of the giant Rashba-
split surface states of the BiAg2 alloy, which demonstrate only a moderate downward energy shift
upon the presence of graphene. This effect is explained in the framework of density functional
theory by an inward relaxation of the Bi atoms at the interface and subsequent delocalisation of
the wave function of the surface states. Our findings demonstrate a realistic pathway to prepare a
graphene protected giant Rashba-split BiAg2 for possible spintronic applications.
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Graphene has attracted much attention due to its unique transport, electronic and elas-
tic properties [1–3]. Taking into account these characteristics, many practical applications
of graphene have been proposed. The most promising are graphene-based touch screens,
which will potentially replace indium-tin-oxide (ITO) based screens in the future [4, 5],
batteries and supercapacitors [6–8], and composite materials [9, 10]. Above that a single
atom thick graphene layer can effectively protect the underlying material against oxidation
and/or corrosion [11, 12]. This property is particularly exciting when graphene is deposited
or formed on the surface of a ferromagnet or a material which exhibits strong spin-orbit in-
teraction [13–19]. Here the interfacial contact between graphene and the respective material
might lead to the appearance of different new phenomena in graphene and at the interface,
such as induced magnetism in graphene [20–22], possible induced spin-orbit splitting of the
graphene pi states [23, 24], conservation of the spin-polarized electron emission from the
underlying ferromagnetic material [13, 15], etc.
Previously published works on the adsorption of graphene on the surfaces of heavy ma-
terials, such as Ir(111) and Au(111), demonstrate that such contacts only weakly modify
the dispersion of the spin-orbit split surface states of the metal surface. Adsorption of
graphene merely leads to a rigid shift of the respective surface states to smaller binding
energies [16, 25, 26], that was explained by the stronger localisation of the surface state
wave function, leading to the corresponding energy shift. At the same time the intercalation
of Au in the graphene/Ni(111) interface leads to the appearing of the induced spin-orbit
splitting of the graphene pi states (up to ≈ 100 meV) as a result of the hybridization of
these states and valence band states of the underlying heavy metal [23, 24]. Here the ener-
getically unfavourable model of the diluted Au atoms underneath graphene on Ni(111) was
proposed [23]. However, recent scanning tunnelling microscopy/spectroscopy (STM/STS)
experiments have not shown any hints on such a splitting [28], leaving the question of in-
duced spin-orbit interaction in graphene still open. In order to resolve this controversy and
to evaluate the role of the substrate, further experiments on graphene, which is adsorbed on
materials demonstrating strong spin-orbit interaction, are required.
Here we report the fabrication of protective graphene layers on the BiAg2 surface alloy,
which exhibits strongly Rashba-split surface states [29–31]. In this system diluted Bi atoms
form a (
√
3 × √3)R30◦ structure. STM and STS used in the experiment allow to care-
fully separate the quasiparticle interference (QPI) signatures arising from BiAg2 and from
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graphene that gives a possibility to to map the electronic structure of the graphene/BiAg2
system around the Fermi level (EF ) in great detail. Our results show that the adsorp-
tion of graphene on the surface of the alloy only leads to a downward energy shift of the
surface state without modifying its spin texture. We found that the pi band of the n-
doped graphene layer has a linear dispersion in the vicinity of the Dirac point (ED) with
ED = −400 ± 30 meV. Contrary to the results obtained in Ref. 23, our experimental and
theoretical observations for graphene adsorbed on BiAg2 rule out a considerable spin-orbit
splitting of the graphene-derived pi states around the K point (< 18 meV). All experiments
are systematically analysed within the framework of the density functional theory (DFT)
approach for the realistic experimental geometry allowing to acquire a profound under-
standing of the observed phenomena and discuss the possible use of this interface in future
graphene-based spintronics applications. For details of the sample preparation, STM/STS
experiments, and DFT calculations see Supplemental Material [32].
The sequence of preparation steps during synthesis of the gr/BiAg2 system (gr =
graphene) is shown in Fig. 1 (see also Fig. S1 of the Supplementary material for large
scale STM images). In the first step, graphene nano flakes (GNFs) of different sizes
are prepared by means of temperature programmed growth (TPG) procedure from C2H4
on Ir(111) as described elsewhere [25, 33]. Subsequent deposition of ≈ 70 A˚ of Ag on
GNFs/Ir(111) and annealing of this system at 450◦C for 30 min leads to the formation of
the GNFs/Ag(111)/Ir(111) system with graphene flakes floating on top. Earlier experimen-
tal results [26] and the present STM/STS data confirm the high quality of such a system.
In the next step an almost stoichiometric BiAg2 alloy is prepared underneath GNFs via ad-
sorption of Bi atoms on GNFs/Ag/Ir(111) at 200◦C and subsequent annealing at the same
temperature for 30 min. This procedure leads to an effective intercalation of Bi atoms under-
neath the graphene layer, thus the BiAg2 alloy with a (
√
3×√3)R30◦ structure with respect
to Ag(111) is formed. The high quality of the formed GNFs/BiAg2 is confirmed by the
large scale STM and low-energy electron diffraction (LEED) experiments, where in the later
images one can clearly resolve diffraction spots from the graphene and BiAg2 subsystems
as well as the respective interference picture formed by these two sub-lattices. Incomplete
coverage of the graphene layer in our prepared systems (see also Fig. 3(a)) allows to carefully
trace all changes in the electronic structure of the underlying metallic layer before and after
graphene adsorption as well as the corresponding modifications of the electronic properties
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of graphene with respect to those of a free-standing graphene layer.
In order to study the electronic band structure of the GNFs/BiAg2 system, we performed
combined STM/STS experiments (Figs. 2 and 3). A large scale atomically resolved STM
image and the respective dI/dV map of gr/BiAg2 are presented in Figs. 2(a,b). Graphene
forms a so-called moire´ structure on the surface of the BiAg2 alloy (see also Fig. 1), which
has a (7×7) periodicity with respect to the graphene unit cell that corresponds to the (6×6)
periodicity of the Ag(111) layer where Bi atoms form a (
√
3×√3)R30◦ structure [Fig. 4(a)].
A Fast-Fourier transform (FFT) of the dI/dV map yields the image presented in Fig. 2(c),
where several characteristic features can be identified. The first one, which is marked by
the dashed line hexagon, is assigned to the reciprocal lattice of a graphene layer [reciprocal
vector ~bgr in Fig. 2(c)]. Each central spot here is surrounded by six additional ones, which
are due to the moire´ lattice formed at the gr/BiAg2 interface. Bi atoms, which form a
(
√
3×√3)R30◦ overstructure of the BiAg2 alloy, are responsible for the respective spots in
the FFT map [reciprocal vector ~bBi in Fig. 2(c)]. Analogously to the previous discussion,
the additional six spots are resolved as well.
The most interesting features in the FFT can be identified around ~q = 0 as well as around
the (
√
3 × √3)R30◦ points with respect to the graphene atomic lattice. Corresponding
areas are marked by the solid line rectangles, and their zooms are shown in Figs. 2 (d)
and (e), respectively. The discussed features in the FFT maps obtained from the dI/dV
images acquired at different bias voltages (UT ) can be assigned to QPI patterns formed after
scattering of the electron waves at the surface defects (steps, dislocations, adatoms, etc.).
Analysis of such maps allows to identify particular scattering vectors (qE) between different
electronic states in the Brillouin tone (BZ) at the fixed energy, E = eUT , and to plot the
energy dispersion of the carriers E(k) around EF .
The feature around ~q = 0 shown in Fig. 2(d) is formed by the scattering vectors connect-
ing different Rashba-split surface states of BiAg2 and is very similar to the one observed
earlier [30, 31] (see Fig. S2 of the Supplementary material for the series of FFT maps around
~q = 0 obtained for gr/BiAg2 at different UT ). Analysis performed in Refs. 30, 31 allows to
identify them as D1, D2, and D3 (notation is according to Ref. 30). They are marked by
the respective symbols in Fig. S3 of the Supplementary material, where the DFT calculated
band structure of the BiAg2/Ag(111) slab is shown. The zoom of the FFT presented in
Fig. 2(e) reveals a “ring-like” structure. It is assigned to the intervalley scattering between
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graphene-related valence band states around the K and K′ points. The radius of these rings
is 2k, where k is the wave vector of the Dirac particles at an energy E relative to EF and it is
measured with respect to the K point of the graphene BZ. The deviation of the shape of these
“ring-like” features from the circle for the large positive bias voltages is due to the trigonal
warping at the energies far away from ED as was shown in theoretical calculations [34].
Figure 3 shows the extracted dispersions of the wave vector k gathered from a series of
dI/dV maps measured for BiAg2 and GNF/BiAg2 as discussed above (see STM image of the
border between two regions in panel (a)): (b) and (c) are for the Rashba-split surface states
of BiAg2 around the Γ point without and with a graphene layer on top, respectively, and
(d) is for the graphene pi states around the K point of the graphene-derived BZ. Analysis of
the graphene dispersion relation shows that graphene on BiAg2 is n-doped with a position
of the Dirac point of ED = −400 ± 30 meV and Fermi velocity of (1.17 ± 0.06) × 106 m/s,
which is in good agreement with a value for nearly free-standing graphene on a metallic
substrate [35, 36].
A peculiar behaviour is encountered upon comparison of Fig. 3 (b) and (c), where the dis-
persions of the scattering vector for the surface state of BiAg2 and GNF/BiAg2 are presented,
respectively. These data were obtained on the same sample under similar experimental con-
ditions excluding any experimental or/and tip artefacts influencing the final result. One can
clearly see that after adsorption of graphene on BiAg2 all Rashba-split surface states are
shifted downwards in energy by about 100 − 150 meV. A similar shift is detected for the
single dI/dV spectra measured as a function of UT for the neighbouring areas of BiAg2 and
gr/BiAg2 (see Fig. S4 of the Supplementary material). This effect is contrary to the pre-
viously observed results for graphene adsorption on Au(111) [25, 26], Ag(111) [26, 37, 38],
Cu(111) [39], and Ir(111) [16, 40], where an upward energy shift for the metallic surface
states was reported and explained by the stronger localization of the wave function of the
metallic surface state producing an increase of Pauli repulsion at the interface. This effect
leads to an increase of the energy of the electrons and consequently to the upward energy
shift of the surface state. Moreover, recent ARPES experiments also reveal that adsorption
of the atoms or molecules with closed shells like rare gas Xe, C60, FeOEP, or PTCDA on
the surface of the BiAg2 alloy does not lead to the energy shift of these Rashba-split states
and k-splitting remains intact [41, 42].
In order to fully understand all observed effects we performed modelling of the electronic
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properties of the gr/BiAg2 system in the framework of the DFT approach. For the modelling
of the surface of the BiAg2 alloy, 1/3 of Ag atoms in the top layer of the 7-layers Ag(111)
slab were replaced with Bi atoms forming the characteristic (
√
3×√3)R30◦ superstructure.
A graphene layer with a (7 × 7) periodicity was adsorbed on one side of this slab, which
respectively has a (6×6) periodicity with respect to the Ag(111) in-plane lattice. The result-
ing structure is shown in Fig. 4(a,b), where the formed moire´ with a periodicity of 17.523 A˚
is clearly visible. The following systems were analysed: (A) clean BiAg2 surface after re-
laxation of coordinates of the top Bi and Ag layers, (B) gr/BiAg2-fixed where coordinates
of carbon atoms were fully relaxed and coordinates of the top layer of Bi and Ag atoms
were fixed as obtained for the system (A), and (C) gr/BiAg2-relaxed, where coordinates of
carbon atoms and the top layer of Bi and Ag atoms were fully relaxed (see Table T1 of the
Supplementary material for the resulting interlayer distances for all considered structures).
In our analysis of the electronic properties of the studied systems, the resulting band struc-
tures were unfolded on the (1 × 1) Brillouin zone of the respective sublattice, Ag(111) or
graphene.
Figure 5 shows the unfolded band structures around the ΓBiAg210 -point of BZ corresponding
to the BiAg2(111) unit cell for (a) BiAg2 (system A), (b) gr/BiAg2-fixed (system B), and
(c) gr/BiAg2-relaxed (system C). The choice of the Γ
BiAg2
10 -point (which coincides with the
KAg00 -point of the BZ corresponding to the Ag(111) unit cell) is caused by the appearance of
the artificial Ag(111) surface state at E−EF = −100 meV originating from the back side of
the slab used in the DFT computation (see Figs. S5 – S9 of the Supplementary material for
the additional figures). In panel (d) the band structure of graphene around the Kgr00-point
of the graphene-derived BZ for the gr/BiAg2-relaxed (system C) is shown.
The performed DFT calculations for the above described systems confirm our experi-
mental observations for the downward energy shift of the BiAg2 surface state after graphene
adsorption. In Fig. 5(a) the dispersions of the Rashba-split surface states for the clean BiAg2
surface are clearly resolved. The energy positions of the crossing points of the Rashba-split
surface states at the ΓBiAg210 -point are −280 meV, 575 meV, and 1395 meV, respectively. Ad-
sorption of graphene on the surface of the alloy, without relaxation of the atomic positions
for Bi and Ag top layers, leads to the upward energy shift of all states and the resulting
energy position of the crossing points are −225 meV, 585 meV, and 1395 meV, respectively
(Fig. 5(b)). This effect can be explained by the stronger localisation of the surface states
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wave functions that leads to an increase of Pauli repulsion for these states and thus to the
energy shift to smaller binding energies.
Relaxation of all atomic positions at the interface between graphene and BiAg2 alloy,
which models the real experimental situation, leads to the opposite effect compared to the
previously described case (Fig. 5(c)). Here we observed the relatively large downward energy
shift of the Rashba-split surface states of BiAg2. The energy positions of the crossing points
at the ΓBiAg210 -point are −355 meV, 515 meV, and 1340 meV, respectively. Our calculations
show that adsorption of graphene on the surface of the BiAg2 alloy leads to the inward
Bi-atom relaxation with a reduction of the mean distance between planes formed by Bi and
Ag atoms by 0.12 A˚. At the same time the mean distance between graphene and the top
Bi layer is slightly increased from 3.219 A˚ for BiAg2-fixed (system B) to 3.277 A˚ for BiAg2-
relaxed (system C). Both effects lead to the stronger delocalisation of the wave function
of the surface states compared to the clean surface of the BiAg2 alloy. Thus the reduction
of Pauli repulsion in turn leads to the increase of the binding energies of all surface states
upon graphene adsorption. The effect of delocalisation can be visualised via 2D presentation
(side and top view) of the calculated electron localization function (ELF) [43–46]. Analysis
of ELF presented in Fig. S10 of the Supplementary material confirms the effect of stronger
delocalization of the surface state for the gr/BiAg2-relaxed system (system C), compared
to the previous case of the non-fully relaxed system.
Our DFT results show that graphene is n-doped in both cases of its adsorption on BiAg2
(fixed or relaxed structure) with a position of the Dirac point of ED − EF = −545 meV
(system B) and ED − EF = −590 meV (system C) (Fig. 5(d)). This value is in reason-
ably good agreement with the doping level of graphene of −400 ± 30 meV obtained in the
STM/STS experiments. Our calculations demonstrate the absence of the energy gap at ED
for gr/BiAg2-fixed and opening of the gap for the graphene pi states of ≈ 95 meV at ED for
the gr/BiAg2-relaxed system. Despite the presence of the substrate underneath graphene,
which demonstrates strong spin-orbit interaction, no spin-splitting for the graphene-derived
pi states is found in experiment as well as in the DFT calculations. This can be explained by
the relatively large gr-Bi distance of ≈ 3.3 A˚ in the studied systems. These results are also
confirmed by our STM/STS experiments where no evidence of the splitting of the graphene
states leading to modifications of the relevant scattering features was observed. However,
we believe that further studies by means of ARPES (spin-ARPES) might shed more light
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on the possible existence of the energy gap in the graphene band structure as well as on the
spin-texture of the valence band states in the vicinity of EF for the gr/BiAg2 system.
In summary, we demonstrate the successful preparation of graphene on the strong Rashba-
split BiAg2 surface alloy via subsequent intercalation of Ag and Bi in graphene/Ir(111).
Our method grants large flexibility in the fabrication of big and small graphene flakes in
this system. Presented systematic STM/STS experiments show that graphene on BiAg2 is
n-doped with a position of the Dirac point of −400 ± 30 meV below EF and that the pi
states have a linear dispersion confirming the massless nature of carriers in the vicinity of
the Fermi level. In contrast to the previously studied cases of a graphene adsorption on
noble metal surfaces, here we observed the downward shift of the giant Rashba-split surface
states of the BiAg2 surface alloy for the graphene covered surface compared to the clean
one, rendering the spin-texture of the graphene-protected BiAg2 surface alloy unaffected
by graphene adsorption. Our experimental findings were analysed in the framework of
the DFT approach where an inward relaxation of the Bi atoms in BiAg2 upon graphene
adsorption was found, consequently leading to the delocalization of the surface state wave
function. Despite the presence of the strong Rashba-split BiAg2 surface alloy in contact
with graphene, no sizeable spin-splitting (above 18 meV) was detected for the graphene
pi states as confirmed by our STM/STS and DFT results. The studied system, where a
lattice of diluted Bi atoms is placed underneath graphene on Ag(111), is a perfect model
example demonstrating the strong Rshba-splitting of the surface states and the absence of
the induced spin-orbit splitting in graphene. The presented results solve the controversy
on the possible observation of the spin-splitting phenomena in graphene physisorbed on the
metallic surfaces with large Rashba-splitting.
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FIG. 1: (a) GNFs/Ir(111), (b) GNFs/Ag(111)/ Ir(111), and (c) GNFs/BiAg2/Ir(111). Bottom
row shows corresponding STM and LEED images acquired after every preparation step. Imaging
parameters: (a) UT = 50 mV, IT = 500 pA; (b) UT = −150 mV, IT = 800 pA; (c) UT = 50 mV,
IT = 700 pA. LEED images were obtained at 75 eV.
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FIG. 2: (a) Topographic, z(x, y), and (b) differential conductance, dI/dV (x, y), maps acquired on
GNF/BiAg2. Imaging parameters: UT = +125 mV, IT = 900 pA, fmod = 687 Hz, Umod = 10 mV.
(c) FFT image obtained from (b). Dashed hexagon marks the reciprocal lattice of graphene with
vector ~bgr. Vector ~bBi marks reciprocal lattice of BiAg2. Rectangles are used for areas around the
Γ point and the K point of the graphene BZ, zooms of which are shown in (d) and (e), respectively.
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FIG. 3: (a) STM topography for the simultaneous imaging of areas of BiAg2 and gr/BiAg2. Imaging
parameters: 75× 30nm2, UT = 20 mV, IT = 2 nA. Scattering vector dispersions k(E) obtained at
different UT corresponding to D1, D2, D3 for (b) clean BiAg2 and (c) gr/BiAg2. (d) scattering
vector dispersion corresponding to the intervalley scattering in graphene for gr/BiAg2.
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FIG. 4: Top (a) and side (b) views of the gr/BiAg2 interface. In (b) the charge difference,
∆ρgr/sub(r) = ρgr/sub(r) − (ρgr(r) + ρsub(r)) is color coded – from red (+2 e/nm3) to blue
(−2 e/nm3).
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FIG. 5: Calculated energy band dispersions for (a) clean BiAg2 (system A), (b) gr/BiAg2-fixed
(system B), (c-d) gr/BiAg2-relaxed (system C).
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Sample preparation. The Ir(111) crystal (MaTecK GmbH and SPL) used as a
substrate was cleaned by several cycles of Ar+ sputtering (2 keV), oxygen annealing
(900 − 1150◦C, 5 × 10−7 mbar O2 pressure) and flash annealing (5 s up to 1800◦C). The
cleanliness of the Ir(111) crystal was checked by LEED and STM. Graphene was prepared
by 1 − 2 subsequent temperature programmed growth (TPG) cycles. For each TPG cycle
the Ir(111) surface was exposed to an ethylene dose of 6.8 Langmuir at room temperature
and subsequently annealed for 25 s with the temperature held between 1100◦C and 1330◦C.
Silver (≈ 70 A˚) was evaporated from an effusion cell. Subsequently, the sample was annealed
at 450◦C for 30 min leading to the formation of the GNFs/Ag(111)/Ir(111) system. In
the next step the close to stoichiometric BiAg2 alloy underneath GNFs is prepared via
adsorption of Bi atoms on gr/Ag/Ir(111) at 200◦C and subsequent annealing at the same
temperature for 30 min. This procedure leads to the effective penetration of Bi atoms
underneath the graphene layer and the BiAg2 alloy with a (
√
3 × √3)R30◦ structure with
respect to Ag(111) is formed. The high quality of the formed GNFs/BiAg2 is confirmed by
the large scale STM and LEED measurements.
STM/STS experiments. STM and STS measurements were performed at 5.5 K in an
Omicron Cryogenic STM under ultra-high vacuum (UHV) conditions (< 5 × 10−11 mbar).
Polycrystalline UHV-flash-annealed tungsten and PtIr tips were used for all STM/STS mea-
surements. The sign of the bias voltage corresponds to the potential applied to the sample.
Differential conductance (dI/dV ) maps were recorded by means of standard lock-in tech-
nique, using the modulation voltages and frequencies given in the figure captions.
DFT calculations. DFT calculations based on plane-wave basis sets of 500 eV cutoff energy
were performed with the Vienna ab initio simulation package (VASP) [1–3]. The Perdew-
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Burke-Ernzerhof (PBE) exchange-correlation functional [4] was employed. The electron-ion
interaction was described within the projector augmented wave (PAW) method [5] with
Ag (4d, 5s), Bi (6s, 6p), and C (2s, 2p) states treated as valence states. The Brillouin-
zone integration was performed on Γ-centred symmetry reduced Monkhorst-Pack meshes
using a Methfessel-Paxton smearing method of first order with σ = 0.2 eV, except for the
calculations of total energies. For those calculations, the tetrahedron method with Blo¨chl
corrections [6] was used. A 3 × 3 × 1 k-mesh was used in the case of ionic relaxations and
6× 6× 1 for single point calculations, respectively. Dispersion interactions were considered
adding a 1/r6 atom-atom term as parameterised by Grimme (“D2” parameterisation) [7].
The spin-orbit correction, necessary for the proper description of the properties of the BiAg2
surface alloy, is taken into account via non-collinear magnetism as implemented in VASP.
The supercell used in this work has a (6× 6) lateral periodicity with respect to Ag(111).
It is constructed from a slab of 6 layers of Ag, one interface layer of BiAg2 and one layer
of graphene adsorbed on one side and a vacuum region of approximately 23 A˚ (Fig. 4(a,b)).
The positions (x, y, z-coordinates) of the ions of the top 2 layers (i. e. graphene and BiAg2)
as well as z-coordinates of the third layer (i. e. Ag) were fully relaxed until forces became
smaller than 0.02 eV A˚−1. The lattice constant in the lateral plane was set according to
the optimised value of the fcc Ag, ahex = 4.13/
√
2 = 2.92 A˚. The lattice mismatch between
graphene and substrate in this case is approximately 1.5 %.
The band structures calculated for the studied systems were unfolded to the graphene
(1× 1) and Ag (1× 1) primitive unit cells according to the procedure described in Refs. 8, 9
with the code BandUP.
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clean BiAg2 gr/BiAg2
Distance Fixed Relaxed
gr – Bi 3.219 3.277
Bi(S) – Ag(S) 0.740 0.740 0.623
Ag(S) – Ag(S-1) 2.387 2.387 2.434
gr-corrugation 0.019 0.013
Bi-corrugation 0.000 0.000 0.020
TableT1. Interlayer mean distances between planes of graphene, Bi atoms, and Ag
atoms (in A˚) for clean BiAg2 (system A), gr/BiAg2-fixed (system B), and gr/BiAg2-relaxed
(system C).
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Fig. S1. Large scale STM images of (a) GNFs/Ir(111), UT = +300 mV, IT = 1.6 nA, (b)
gr/Ag(111)/Ir(111), UT = +10 mV, IT = 0.8 nA, (c) gr/BiAg2/Ir(111), UT = +100 mV,
IT = 0.7 nA.
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Fig. S2. Two representative FFT images obtained on the basis of the dI/dV maps acquired
on BiAg2 at (a) UT = +150 mV and (b) UT = −350 mV. The respective signals assigned to
D1, D2, and D3 are marked in the images. ~bBi is the vector of the reciprocal lattice of BiAg2
and ΓK and ΓM are two directions in the corresponding BZ.
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Fig. S3. Band structure of the BiAg2 surface alloy along several high symmetry directions
of the BZ. D1, D2, and D3 vectors connecting the branches in the electronic structure of
equal spin are marked in the figure.
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Fig. S4. (a) STM topography of two neighbouring regions of BiAg2 and gr/BiAg2 (UT =
+50 mV, IT = 700 pA) and (b) representative dI/dV spectra (fmod = 678.2 Hz, Umod =
6 mV) measured in the respective areas (exact places are marked by crosses in (a)).
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Fig. S5. Schematic representation of the BZs corresponding to (1 × 1) unit cells and the
respective high symmetry points: (red) BZ of BiAg2, (green) BZ of Ag(111), (blue) BZ of
graphene.
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Fig. S6. (a) Band structure of the clean (6 × 6) BiAg2 (system A) unfolded on the BZ of
Ag(111). High symmetry points correspond to BZ of Ag(111). (b) Zoom around Γ point.
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Fig. S7. (a) Band structure of (7 × 7)gr/(6 × 6) BiAg2-fixed (system B) unfolded on the
BZ of Ag(111). High symmetry points correspond to BZ of Ag(111). (b) Zoom around Γ
point.
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Fig. S8. (a) Band structure of (7× 7)gr/(6× 6) BiAg2-relaxed (system C) unfolded on the
BZ of Ag(111). High symmetry points correspond to BZ of Ag(111). (b) Zoom around Γ
point.
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Fig. S9. Band structure of (7× 7)gr/(6× 6) BiAg2-relaxed (system C) unfolded on the BZ
of graphene. High symmetry points correspond to BZ of graphene.
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Fig. S10. Top and side views of ELF function for (a,b) gr/BiAg2-fixed (system B) and (c,d)
gr/BiAg2-relaxed (system C).
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Fig. S11. Experimental (top row) and calculated (bottom row) STM images of gr/BiAg2-
relaxed (system C). Parameters used: (a,c) UT = +50 mV and (b,d) UT = +150 mV.
Calculations were performed in the framework of the Tersoff-Hamann formalism [J. Tersoff
and D. R. Hamann, Phys. Rev. B 31, 805 (1985)].
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